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VEHICLE CONTROLLER AND ELECTRIC
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2017-232545 filed on Dec. 4, 2017, the
contents of which are incorporated herein by reference in
their entirety.

FIELD

Embodiments described herein relate generally to a
vehicle controller and an electric vehicle.

BACKGROUND

Generally, in a vehicle controller for an electric vehicle or
the like, electrical wires having a large diameter are used for
an input line and an output line (electric power transmission
members) for a main circuit of an electric power converter
or the like.

This is because the electric power of a motor driven by the
vehicle controller is large, and it is necessary for a large
amount of current to flow. The larger an amount of current
flowing, the larger a diameter of the electrical wire, and thus
a larger space is needed to bend the electrical wire. There-
fore, there are cases in which one electrical wire having a
large diameter is divided into a plurality of electrical wires
having a small diameter to reduce a current flowing per
electrical wire.

Also, when a conductor is used in place of an electrical
wire, there are cases in which a plurality of conductors are
connected in parallel to a main circuit for use in the vehicle
control system in order to avoid generation of heat from the
conductors due to the skin effect.

In the above-described vehicle controller, even when one
of the plurality of electrical wires is disconnected, the
remaining electrical wires are not disconnected and allow an
electric current to flow therethrough. Therefore, even when
any one of the electrical wires is disconnected, the vehicle
controller does not stop immediately, and it is difficult to
detect disconnection of the electrical wires.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing a railway vehicle of a first
embodiment.

FIG. 2 is a plan view showing a vehicle controller of the
railway vehicle of the first embodiment.

FIG. 3 is a cross-sectional view showing a first input
group cable of the railway vehicle of the first embodiment.

FIG. 4 is a cross-sectional view showing a second input
group cable of the railway vehicle of the first embodiment.

FIG. 5 is a plan view showing a vehicle controller of a
railway vehicle of a second embodiment.

FIG. 6 is a cross-sectional view showing a first input
group cable of a modified example of the embodiments.

FIG. 7 is a cross-sectional view showing a first input
group cable of a modified example of the embodiments.

FIG. 8 is a cross-sectional view showing a conductor of
a modified example of the embodiments.

DETAILED DESCRIPTION

According to one embodiment, a vehicle controller
includes an electric power converter, a plurality of first
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electric power transmission members, a temperature sensor,
and a first controller. The electric power converter converts
input electric power and outputs the converted electric
power. The plurality of first electric power transmission
members transmit the input electric power and are connected
in parallel to the electric power converter. The temperature
sensor is connected to at least one of the plurality of first
electric power transmission members. The first controller
determines that at least one of the plurality of first electric
power transmission members is disconnected when a tem-
perature detected by the temperature sensor changes.

Hereinafter, a vehicle controller and an electric vehicle of
embodiments will be described with reference to the draw-
ings.

First Embodiment

Hereinafter, a first embodiment of an electric vehicle in a
case in which the electric vehicle is a railway vehicle will be
described with reference to FIGS. 1 to 4.

As shown in FIG. 1, a railway vehicle 1 of the present
embodiment includes a vehicle body 11, wheels 21, and a
vehicle controller 26.

The vehicle body 11 is formed in a rectangular parallel-
epiped shape elongated in a direction perpendicular to a
display surface shown in FIG. 1. A space capable of accom-
modating passengers is formed inside the vehicle body 11.
On a top surface of the vehicle body 11, a pantograph 12 is
provided facing upward. The pantograph 12 is disposed such
that the pantograph 12 can come into contact with an
overhead line 13 from below the overhead line 13.

A cab 15 is provided at an end portion in a longitudinal
direction of the vehicle body 11. The cab 15 includes a lever
15a and a display 155. The lever 15qa is used for giving an
instruction for acceleration or deceleration regarding a trav-
eling speed of the railway vehicle 1. The display 155
displays a speed at which the railway vehicle 1 is traveling,
and a warning lamp.

The wheels 21 are disposed with a space therebetween in
a width direction of the vehicle body 11. Although not
shown in detail, each of the wheels 21 is rotatably attached
to a truck. The truck is fixed to a lower surface of the vehicle
body 11 via a truck spring. A rotation speed of the respective
wheels 21 is increased by a motor 22 shown in FIG. 2 that
is attached to the vehicle body 11. The motor 22 is driven by
the vehicle controller 26. Three input contacts 22A, 22B,
and 22C for inputting a three-phase alternating current (AC)
are provided in the motor 22.

A rotation speed of the respective wheels 21 is reduced by
a brake (not illustrated). The motor 22 and the brake are
operated by the lever 15a.

Each wheel 21 is disposed on a rail 23 shown in FIG. 1.

As shown in FIG. 2, the vehicle controller 26 includes a
housing case 27, an electric power converter 28, a plurality
of first input group cables 29, a plurality of first output group
cables 30, a temperature sensor 31, a speaker (warning unit)
32, a storage 33, and a unit controller (first controller) 34.

Further, when referring to a first input group cable 29A,
a first input group cable 29B, and the like without distin-
guishing them from each other, they are collectively referred
to as the first input group cables 29. The same applies to the
first output group cables 30, the temperature sensors 31, or
the like. Also in the drawings, only the first input group cable
29A will be displayed, without the first input group cables 29
being displayed.
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For example, the housing case 27 is formed in a box
shape. The housing case 27 includes side walls 27a and 276
disposed to face each other.

A plurality of input contacts 37 are provided on the side
wall 27a. Corresponding to the number of the plurality of
first input group cables 29, two input contacts 37 are
provided. Hereinafter, when this plurality of input contacts
37 are distinguished for indicating them individually, they
will be referred to as an input contact 37A and an input
contact 37B. The plurality of input contacts 37A and 37B are
disposed side by side along the side wall 27a with a space
therebetween.

A plurality of output contacts 38 are provided on the side
wall 27b. Corresponding to the number of the plurality of
first output group cables 30, three output contacts 38 are
provided. Hereinafter, when this plurality of output contacts
38 are distinguished for indicating them individually, they
will be referred to as an output contact 38A, an output
contact 38B, and an output contact 38C. The plurality of
output contacts 38A, 38B, and 38C are disposed side by side
along the side wall 275 with spaces therebetween.

The electric power converter 28 is a known device having,
for example, a converter, an inverter, and the like. The
electric power converter 28 converts electric power of an
input single-phase AC into electric power of a three-phase
AC. In this example, the electric power converter 28
includes a current detector 28a and a current detector 2854.

The current detector 28a detects a current value of a
single-phase AC current flowing through the plurality of first
input group cables 29 and flowing into the electric power
converter 28. The current detector 285 detects a current
value of a three-phase AC current flowing from the electric
power converter 28 and flowing through the plurality of first
output group cables 30. The current detectors 28a and 285
send detection results to the storage 33 and the unit con-
troller 34.

The electric power converter 28, the storage 33, and the
unit controller 34 are disposed in the housing case 27.

A plurality of input contacts 40 are provided on an edge
portion of the electric power converter 28 corresponding to
the side wall 27a of the housing case 27. Corresponding to
the number of the plurality of first input group cables 29, two
input contacts 40 are provided. Hereinafter, when this plu-
rality of input contacts 40 are distinguished for indicating
them individually, they will be referred to as an input contact
40A, and an input contact 40B. The plurality of input
contacts 40A and 40B are disposed side by side along the
edge portion of the electric power converter 28 with a space
therebetween.

A plurality of output contacts 41 are provided on an edge
portion of the electric power converter 28 corresponding to
the side wall 275 of the housing case 27. Corresponding to
the number of the plurality of first output group cables 30,
three output contacts 41 are provided. Hereinafter, when this
plurality of output contacts 41 are distinguished for indicat-
ing them individually, they will be referred to as an output
contact 41A, an output contact 41B, and an output contact
41C. The plurality of output contacts 41 A, 41B, and 41C are
disposed side by side along the edge portion of the electric
power converter 28 with a space therebetween.

The electric power converter 28 converts electric power
input from the plurality of input contacts 40 and outputs the
converted electric power from the plurality of output con-
tacts 41.

In the present embodiment, two first input group cables 29
are provided as the plurality of first input group cables 29,

5

10

15

20

25

30

35

40

45

50

55

60

65

4

but the number thereof is not limited as long as there are a
plurality of first input group cables 29.

Hereinafter, when the two first input group cables 29 are
distinguished for indicating them individually, they will be
referred to as the first input group cable 29A and the first
input group cable 29B. A configuration of the first input
group cable 29A and a configuration of the first input group
cable 29B are the same. Thus, the configuration of the first
input group cable 29A is denoted by adding a capital letter
“A” to a numeral, or a numeral and a lower-case letter. A
configuration of the first input group cable 29B correspond-
ing to the first input group cable 29A is denoted by adding
a capital letter “B” to the same numeral, or the same numeral
and a lower-case letter as in the first input group cable 29A.
Therefore, duplicated description will be omitted.

The same applies to first output group cables 30A, 30B,
and 30C, second input group cables 101A and 101B, second
output group cables 116A, 116B, and 116C, and the like to
be described below.

The first input group cable 29A includes a first input cable
44A and a second input cable 45A. Similarly, the first input
group cable 29B includes a first input cable 44B and a
second input cable 45B.

As shown in FIG. 3, the first input cable 44A includes a
first input electrical wire (first electric power transmission
member) 47A and a first input insulating sheath 48A. For
example, the first input electrical wire 47A is formed of a
single copper wire, a twisted wire, or the like. The first input
insulating sheath 48A is formed of an electrically insulating
material such as polyethylene resin. The first input insulating
sheath 48A covers an outer circumferential surface of the
first input electrical wire 47A.

Similarly, the second input cable 45 A includes a first input
electrical wire (first electric power transmission member)
49A and a first input insulating sheath S0A.

As shown in FIG. 2, a first end portion of the first input
electrical wire 47 A of the first input cable 44A and a first end
portion of a first input electrical wire 49 A of the second input
cable 45A are individually connected to the input contact
37A of the housing case 27. A second end portion of the first
input electrical wire 47A of the first input cable 44A and a
second end portion of the first input electrical wire 49A of
the second input cable 45A are individually connected to the
input contact 40A of the electric power converter 28.

Similarly, a first input electrical wire (first electric power
transmission member) of the first input cable 44B and a first
input electrical wire (first electric power transmission mem-
ber) of the second input cable 45B are connected to both the
input contact 37B of the housing case 27 and the input
contact 40B of the converter 28.

The first input group cables 29A and 29B are connected
to the electric power converter 28 and transmit electric
power input to the electric power converter 28.

The second input group cable 101A is connected to the
input contact 37A of the housing case 27. Similarly, the
second input group cable 101B is connected to the input
contact 37B of the housing case 27.

The second input group cable 101A includes a third input
cable 103A and a fourth input cable 104A. Similarly, the
second input group cable 101B includes a third input cable
103B and a fourth input cable 104B.

As shown in FIG. 4, the third input cable 103A is
configured similarly to the first input cable 44A, and
includes a second input electrical wire (second electric
power transmission member) 106A and a second input
insulating sheath 107A. The fourth input cable 104A is
configured similarly to the second input cable 45A, and
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includes a second input electrical wire (second electric
power transmission member) 108A and a second input
insulating sheath 109A.

As shown in FIG. 2, a first end portion of the second input
electrical wire 106A of the third input cable 103 A and a first
end portion of the second input electrical wire 108A of the
fourth input cable 104A are individually connected to the
input contact 37A of the housing case 27. The second input
electrical wires 106A and 108A are respectively connected
to the first end portions of the first input electrical wires 47A
and 49A different from the second end portions thereof
connected to the electric power converter 28. The second
input electrical wires 106A and 108A and the first input
electrical wires 47A and 49A are connected in series.

A second end portion of the second input electrical wire
106A of the third input cable 103 A and a second end portion
of the second input electrical wire 108 A of the fourth input
cable 104A are each connected to the pantograph 12.

The third input cable 103B includes a second input
electrical wire (second electric power transmission member)
and a second input insulating sheath. The fourth input cable
104B includes a second input electrical wire (second electric
power transmission member) and a second input insulating
sheath.

A first end portion of the second input electrical wire of
the third input cable 103B and a first end portion of the
second input electrical wire of the fourth input cable 104B
are individually connected to the input contact 37B of the
housing case 27. A second end portion of the second input
electrical wire of the third input cable 103B and a second
end portion of the second input electrical wire of the fourth
input cable 104B are each connected to the pantograph 12.

A single-phase AC transmitted from the overhead line 13
via the pantograph 12 is transmitted to the electric power
converter 28 through the second input group cables 101A
and 101B and the first input group cables 29A and 29B.

In the present embodiment, three first output group cables
30A, 30B, and 30C are provided as the plurality of first
output group cables 30, but the number thereof is not limited
as long as there are a plurality of first output group cables 30.

The first output group cable 30A includes a first output
cable 51A and a second output cable 52A. Similarly, the first
output group cable 30B includes a first output cable 51B and
a second output cable 52B. The first output group cable 30C
includes a first output cable 51C and a second output cable
52C.

As shown in FIG. 3, the first output cable 51A is config-
ured similarly to the first input cable 44A, and includes a first
output electrical wire (first electric power transmission
member) 54A and a first output insulating sheath 55A. The
second output cable 52A is configured similarly to the
second input cable 45A, and includes a first output electrical
wire (first electric power transmission member) 56A and a
first output insulating sheath 57A.

As shown in FIG. 2, a first end portion of the first output
electrical wire 54 A of the first output cable 51A and a first
end portion of the first output electrical wire 56A of the
second output cable 52A are individually connected to the
output contact 38A of the housing case 27. A second end
portion of the first output electrical wire 54A of the first
output cable 51A and a second end portion of the first output
electrical wire 56A of the second output cable 52A are
individually connected to the output contact 41A of the
electric power converter 28.

Similarly, a first output electrical wire (first electric power
transmission member) of the first output cable 51B and a
first output electrical wire (first electric power transmission
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member) of the second output cable 52B are connected to
both the output contact 38B of the housing case 27 and the
output contact 41B of the electric power converter 28. A first
output electrical wire (first electric power transmission
member) of the first output cable 51C and a first output
electrical wire (first electric power transmission member) of
the second output cable 52C are connected to both the output
contact 38C of the housing case 27 and the output contact
41C of the electric power converter 28.

The first output group cables 30A, 30B, and 30C are
connected to the electric power converter 28 and transmit
the electric power converted by the electric power converter
28.

The second output group cable 116A is connected to the
output contact 38A of the housing case 27. Similarly, the
second output group cable 116B is connected to the output
contact 38B of the housing case 27. The second output group
cable 116C is connected to the output contact 38C of the
housing case 27.

The second output group cable 116A includes a third
output cable 118A and a fourth output cable 119A. Similarly,
the second output group cable 116B includes a third output
cable 118B and a fourth output cable 119B. The second
output group cable 116C includes a third output cable 118C
and a fourth output cable 119C.

As shown in FIG. 4, the third output cable 118A is
configured similarly to the third input cable 103A, and
includes a second output electrical wire (second electric
power transmission member) 121A and a second output
insulating sheath 122A. The fourth output cable 119A is
configured similarly to the fourth input cable 104A, and
includes a second output electrical wire (second electric
power transmission member) 123A and a second output
insulating sheath 124A.

As shown in FIG. 2, a first end portion of the second
output electrical wire 121A of the third output cable 118A
and a first end portion of the second output electrical wire
123A of the fourth output cable 119A are individually
connected to the output contact 38A of the housing case 27.
The second output electrical wires 121A and 123A are
respectively connected to the first end portions of the first
output electrical wires 54A and 56A different from the
second end portions thereof connected to the electric power
converter 28. The second output electrical wires 121A and
123 A and the first output electrical wires 54A and 56A are
connected in series.

A second end portion of the second output electrical wire
121A of the third output cable 118A and a second end
portion of the second output electrical wire 123A of the
fourth output cable 119A are individually connected to an
input contact 22A of the motor 22.

Similarly, the third output cable 118B includes a second
output electrical wire (second electric power transmission
member) and a second output insulating sheath. The fourth
output cable 119B includes a second output electrical wire
(second electric power transmission member) and a second
output insulating sheath.

A first end portion of the second output electrical wire of
the third output cable 118B and a first end portion of the
second output electrical wire of the fourth output cable 119B
are individually connected to the output contact 38B of the
housing case 27. A second end portion of the second output
electrical wire of the third output cable 118B and a second
end portion of the second output electrical wire of the fourth
output cable 119B are individually connected to an input
contact 22B of the motor 22.
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The third output cable 118C includes a second output
electrical wire (second electric power transmission member)
and a second output insulating sheath. The fourth output
cable 119C includes a second output electrical wire (second
electric power transmission member) and a second output
insulating sheath.

A first end portion of the second output electrical wire of
the third output cable 118C and a first end portion of the
second output electrical wire of the fourth output cable 119C
are individually connected to the output contact 38C of the
housing case 27. A second end portion of the second output
electrical wire of the third output cable 118C and a second
end portion of the second output electrical wire of the fourth
output cable 119C are individually connected to an input
contact 22C of the motor 22.

In this example, a thermocouple is used for the tempera-
ture sensors 31. As shown in FIG. 2, the vehicle controller
26 includes a plurality of temperature sensors 31. Tempera-
ture sensors 31A, 31B, 31C, 31D, and 31E serving as the
temperature sensors 31 are respectively attached to the first
input group cables 29A and 29B, and the first output group
cables 30A, 30B, and 30C.

Hereinafter, the temperature sensor 31A attached to the
first input group cable 29A will be described with reference
to FIG. 3. The temperature sensor 31 A is attached to the
input cables 44A and 45A using a fixing tool 61 such as a
band or the like to be connected to both the first input
insulating sheath 48A of the first input cable 44A and the
first input insulating sheath S0A of the second input cable
45A. The temperature sensor 31A is connected to both the
first input electrical wires 47A and 49A via the input
insulating sheaths 48A and 50A. However, the temperature
sensor 31A is not connected to the first input electrical wire
of the first input group cable 29B. The term “connect” as
used in the present specification means not only connecting
something in direct contact without other members inter-
posed, but also connecting something in indirect contact
with other members interposed.

Further, the temperature sensor 31A may be in contact
with the first input insulating sheaths 48A and 50A, or may
be disposed at a position separated from the input insulating
sheath 48A and 50A.

Similarly, as shown in FIG. 2, the temperature sensor 31B
is connected to both the first input electrical wires of the first
input group cable 29B via the first input insulating sheaths.
However, the temperature sensor 31B is not connected to the
first input electrical wires 47A and 49A of the first input
group cable 29A.

The temperature sensors 31C, 31D, and 31E are respec-
tively connected to the first output group cables 30A, 30B,
and 30C. Each of the temperature sensors 31 sends detection
results to the unit controller 34 and the storage 33.

The speaker 32 is provided in the cab 15 of the vehicle
body 11 as shown in FIG. 1. The speaker 32 can warn a
driver (operator) by generating a sound. The speaker 32 is
connected to the unit controller 34 and is controlled by the
unit controller 34.

The warning unit is assumed to be the speaker 32.
However, the warning unit is not limited thereto, and the
display 155 of the cab 15 may be used as the warning unit.
In this case, the unit controller 34 warns the driver by
displaying characters, figures, or the like on the display 1554
or the like.

The storage 33 is configured to include a random-access
memory (RAM) and the like. Predetermined a first tempera-
ture threshold value and a second temperature threshold
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value, control programs for controlling the unit controller
34, and the like are stored in the storage 33.

The first temperature threshold value is a threshold value
indicating a degree of rapid temperature rise, and is, for
example, 5° C. The second temperature threshold value is a
threshold value indicating a sufficiently high temperature at
which the group cables 29 and 30 are not normally used, and
is, for example, approximately 100° C.

The unit controller 34 is configured to include a central
processing unit (CPU) and the like. As shown in FIGS. 1 and
2, the unit controller 34 is connected to the electric power
converter 28 and the storage 33, and controls the electric
power converter 28 and the storage 33.

Details of control of the unit controller 34 will be
described in detail in an operation of the railway vehicle 1
to be described below.

As shown in FIG. 1, for example, the vehicle controller 26
is fixed to a lower surface of the vehicle body 11 in a state
of being supported by a support case 62. The second input
group cables 101A and 101B, and the second output group
cables 116 A, 1168, and 116C are fixed to the lower surface
of the vehicle body 11 in a state of being housed in an
electrical wire holder 63.

Next, an operation of the railway vehicle 1 configured as
described above will be described.

The electric power converter 28 converts a single-phase
AC transmitted from the overhead line 13 via the pantograph
12, the second input group cables 101A and 101B, and the
first input group cables 29A and 29B, into a three-phase AC.

The current detector 28a detects current values of currents
flowing through the plurality of first input group cables 29.
The current detector 285 detects current values of currents
flowing through the plurality of first output group cables 30.

Each of the current detectors 28a and 286 periodically
transmits detection results to the storage 33 and the unit
controller 34. The transmitted current values are stored in
the storage 33.

The three-phase AC converted by the electric power
converter 28 is transmitted to the motor 22 through the first
output group cables 30A, 30B, and 30C, and the second
output group cables 116A, 1168, and 116C. The motor 22
transmits a driving force to each of the wheels 21.

Here, the number of the plurality of first input group
cables 29 is assumed to be N. In the present embodiment, the
value of N is two.

A current value of a current flowing through the whole of
the plurality of first input group cables 29 is assumed to be
I (A: ampere), and a resistance value of the first input
electrical wires of each of the first input group cables 29 is
assumed to be R (Q: ohm).

When none of the first input electrical wires of the
plurality of first input group cables 29 is disconnected, a
current evenly flows through the first input electrical wires
of the N first input group cables 29. A current value of the
current flowing through the first input electrical wires of
each of the first input group cables 29 is (I/N). In this case,
an amount of heat generation by each of the first input group
cables 29 is Q,, (W: watt hours) represented by Expression

).

Qo=WNYR=(PRYN® M

An amount of heat generation by the whole of the N first
input group cables 29 is Q,(W) represented by Expression

@-

Q0.=Nx(PR)N?~(PR)IN )
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On the other hand, when one of the N first input group
cables 29 is disconnected, a current evenly flows through the
(N-1) first input group cables 29 which are not discon-
nected. A current value of the current flowing through each
of the first input group cables 29 is {I/(N-1)}. In this case,
an amount of heat generation by each of the first input group
cables 29 is Q,,(W) represented by Expression (3).

O, ~{WN-DYR=(PRY(N-1)? 3

An amount of heat generation by the whole of the N first
input group cables 29 is Q, ,(W) represented by Expression
(4). However, heat is not generated from one of the first
input group cables 29 that has been disconnected.

01~ (N-Dx(PRY(N-1)" =(PRY/(N-1) Q)

A ratio (Q;,/Qg,) of the heat generation amount of the

whole of the N first input group cables 29 after disconnec-
tion to before disconnection is represented by Expression

).

014/ Qoa~{ PRYWN-1)P{(PRYN} =N(N-1) ®

For example, when the number N of the plurality of first
input group cables 29 is two as in the present embodiment,
(Q,4/Qo.) 1s two from Expression (6).

2/(2-1)=2 6

When the number N of the plurality of first input group
cables 29 is three, (Q,,/Q,,) is 1.5 from Expression (7).

3/3-1)=1.5 )

This ratio between amounts of heat generation is similarly
applied to the plurality of first output group cables 30 or the
like. The smaller the number N of the plurality of group
cables 29 or 30 is, the larger the ratio between amounts of
heat generation when one of the first input group cables 29
is disconnected.

It can be assumed that the group cables 29, 30, and the like
are not disconnected for a certain period of time from an
operation start of the railway vehicle 1, and respective
current values detected by the current detectors 28a and 285
stored in the storage 33 are the same regardless of the elapse
of time. Here, the fact that the current values stored in the
storage 33 are the same regardless of the elapse of time
means that, for example, a ratio of a difference between a
maximum value and a maximum value to a minimum
current value stored in the storage 33 supplied to the current
detector 28a is within 10%. This ratio is more preferably
within 5%, and still more preferably within 3%. The same
applies to the current detector 284.

Regardless of the elapse of time means within any pre-
determined period of time, for example, 5 minutes.

At this time, for example, it is assumed that the first input
electrical wire 47A of the first input group cable 29A is
disconnected. A current flowing through the plurality of first
input group cables 29 intensively flows through the first
input group cable 29B. Since the plurality of first input
group cables 29 have two first input group cables 29, a
current value detected by the current detector 28a is the
same regardless of the elapse of time. Therefore, an amount
of'heat generation of the first input group cable 29B becomes
twice that before disconnection, and a temperature detected
by the temperature sensor 31B rises from a temperature
detected immediately before. An amount of heat generation
by the first input group cable 29A disappears and a tem-
perature detected by the temperature sensor 31A falls from
a temperature detected immediately before.

When a temperature detected by the temperature sensor
31B has risen by the first temperature threshold value or
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more from the temperature detected immediately before, the
unit controller 34 determines that at least one of the first
input electrical wires 47A and 49A of the first input group
cable 29A is disconnected. Further, when a temperature
detected by the temperature sensor 31A has decreased by the
first temperature threshold value or more from the tempera-
ture detected immediately before, the unit controller 34 may
determine that at least one of the first input electrical wires
47A and 49A of the first input group cable 29A is discon-
nected.

At this time, the unit controller 34 may warn the driver by
generating a sound with the speaker 32. The driver who
notices the sound requests maintenance of the railway
vehicle 1, for example, after the operation of the railway
vehicle 1 has ended.

The person in charge of maintenance (hereinafter referred
to as a mechanic) inspects the first input electrical wires 47A
and 49A with a tester or the like and determines whether or
not the first input electrical wire 47A is disconnected. When
the first input electrical wire 47A turns out to be discon-
nected, the mechanic performs a repair such as replacing the
first input cable 44A with a new first input cable 44A.

Also for the first output group cables 30A, 30B, and 30C,
it is possible to detect whether or not at least one of the
plurality of first output electrical wires is disconnected by
the same method.

As described above, according to the vehicle controller 26
of the present embodiment, a current value detected by the
current detector 28a is the same regardless of the elapse of
time. When a temperature detected by the temperature
sensor 31B has risen by the first temperature threshold value
or more from a temperature detected immediately before, the
unit controller 34 determines that at least one of the first
input electrical wires 47A and 49A of the first input group
cable 29A has been disconnected. Therefore, it can be
detected whether or not at least one of the plurality of first
input electrical wires of the first input group cables 29A and
29B has been disconnected.

The temperature sensor 31A is indirectly connected to
both the first input electrical wires 47A and 49A of the first
input group cable 29A and is not connected to the first input
electrical wires of the first input group cable 29B.

Accordingly, the temperature sensor 31A is prevented
from being influenced by the first input electrical wires of
the first input group cable 29B, and thus it is possible to
more reliably detect temperatures of the first input electrical
wires 47A and 49A using the temperature sensor 31A.

The vehicle controller 26 includes the speaker 32. There-
fore, when it is determined that the first input electrical wire
47A is disconnected, a warning can be issued to the driver
by generating a sound.

Further, according to the railway vehicle 1 of the present
embodiment, the railway vehicle 1 can be configured using
the vehicle controller 26 which can detect whether or not at
least one of the plurality of the first electrical wires of the
first input group cables 29A and 29B is disconnected.

In the present embodiment, the unit controller 34 may
determine that at least one of the plurality of first input
electrical wires is disconnected when a temperature detected
by the temperature sensor 31A changes.

Even with such a configuration, it is possible to detect
whether or not at least one of the first input electrical wires
47A and 49A is disconnected.

Also for the first output group cables 30A, 30B, and 30C,
it is possible to detect whether or not at least one of the
plurality of first output electrical wires is disconnected by
the same method.



US 10,814,725 B2

11

Second Embodiment

Next, a second embodiment of an electric vehicle will be
described with reference to FIGS. 1 and 5, but components
the same as those in the above-described embodiment will
be denoted by the same reference numerals, detailed descrip-
tion thereof will be omitted, and only different points will be
described.

As shown in FIGS. 1 and 5, a railway vehicle 2 of the
present embodiment includes a vehicle controller 71 of the
present embodiment instead of the vehicle controller 26 of
the railway vehicle 1 of the first embodiment.

In the vehicle controller 71, positions at which tempera-
ture sensors 31A to 31E are connected are different as
compared with those in the vehicle controller 26.

The temperature sensor 31A is connected to both of
second input electrical wires 106A and 108A via second
input insulating sheaths 107A and 109A in a second input
group cable 101A. Similarly, the temperature sensor 31B is
connected to both of second input electrical wires of a
second input group cable 101B via second input insulating
sheaths. The temperature sensors 31C, 31D, and 31E are
respectively connected to second output group cables 116 A,
116B, and 116C.

Each of the temperature sensors 31 sends detection results
to a unit controller 34 and a storage 33.

In the present embodiment, the unit controller 34 detects
whether or not a plurality of second input electrical wires or
the like of the second input group cables 101A and 101B are
disconnected using the same process as in the first embodi-
ment.

As described above, according to the vehicle controller 71
of the present embodiment, it is possible to detect whether
or not at least one of the plurality of second input electrical
wires of the second input group cables 101A and 101B is
disconnected. It is also possible to detect whether or not at
least one of a plurality of second output electrical wires of
the second output group cables 116A, 116B, and 116C is
disconnected.

The configuration of the vehicle controllers in the first and
second embodiments can be modified in various ways as
will be described below.

As shown in FIG. 6, the temperature sensor 31 A may have
a configuration such that the temperature sensor 31A is
connected to the first input electrical wire 47A via the input
insulating sheath 48A but not connected to the first input
electrical wire 49A. When the first input electrical wire 49A
is disconnected, no current flows not only in the first input
electrical wire 49A but also in the first input electrical wire
47A. Therefore, it is possible to detect whether or not at least
one of the first input electrical wires 47A and 49A is
disconnected by simply attaching the temperature sensor
31A to the first input cable 44A using the fixing tool 61.

The vehicle controller 26 may not include the temperature
sensor 31B, and the temperature sensor 31A may be con-
nected to all the first input electrical wires of the input cables
44A, 45A, 44B, and 45B via the input insulating sheaths as
shown in FIG. 7. The input cables 44 A, 45A, 44B, and 45B
are disposed at equiangular intervals around the temperature
sensor 31A.

Since the number N of the plurality of first input group
cables 29 is two, an amount of heat generation is doubled
after disconnection of the first input electrical wire as
compared with that before disconnection thereof. Therefore,
after the disconnection, the temperature detected by the
temperature sensor 31A rises. Therefore, the unit controller
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34 determines that at least one of the first input electrical
wires of the input cables 44A, 45A, 44B, and 45B is
disconnected.

As the first electric power transmission member, a con-
ductor 76 A shown in FIG. 8 may be used instead of the first
input electrical wires 47A, 49A, or the like. The conductor
76A is not covered with an insulating sheath. In this case, it
is preferable that a thermistor be used as a temperature
sensor 77A.

For example, a female threaded portion 76aA is formed in
the conductor 76A. A through-hole 77qA is formed in the
temperature sensor 77A. When a screw 78A inserted in the
through-hole 774A is fitted into the female threaded portion
76aA, the temperature sensor 77A is attached to the con-
ductor 76A.

The modified example described above also applies to the
second embodiment.

When it is determined that at least one of the first input
electrical wires 47A and 49A of the first input group cable
29A is disconnected, the unit controller 34 may stop electric
power conversion by the electric power converter 28. Fur-
ther, an upper limit value of the electric power converted per
unit time by the electric power converter 28 may be lowered.
With such a configuration, further occurrence of damage to
the vehicle controller 26 can be inhibited.

Further, when a temperature detected by the temperature
sensor 31A exceeds the second temperature threshold value,
the unit controller 34 may determine that at least one of the
first input electrical wires 47A and 49A is disconnected. In
this manner, whether or not disconnection has occurred may
be determined without comparing the temperature detected
by the temperature sensor 31A with the temperature detected
by the temperature sensor 31A and stored in the storage 33
as done so far. With such a configuration, the unit controller
34 can quickly make a determination.

The vehicle controller may not include the current detec-
tors 28a and 285, the speaker 32, and the storage 33.

The first input group cables 29, the first output group
cables 30, the second input group cables 101, and the second
output group cables 116 have each been assumed to be of a
plural number. However, one of the first input group cables
29 and the second input group cables 101, and the first
output group cables 30 and the second output group cables
116, may be singular and the other may be plural. In this
case, the temperature sensors 31 need not be provided on the
singular one.

The electric vehicle has been assumed to be a railway
vehicle, but the electric vehicle is not limited thereto. The
electric vehicle may be an electric automobile or the like.

According to at least one embodiment described above, it
is possible to detect whether or not at least one of a plurality
of first input electrical wires is disconnected by having the
temperature sensors 31 and the unit controller 34.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.
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What is claimed is:

1. A vehicle controller, comprising:

an electric power converter converting input electric
power and outputting the converted electric power;

a plurality of first electric power transmission members
transmitting the input electric power and connected in
parallel to the electric power converter;

a temperature sensor connected to at least one of the
plurality of first electric power transmission members;
and

a first controller determining that at least one of the
plurality of first electric power transmission members
has been disconnected when a temperature detected by
the temperature sensor changes.

2. The vehicle controller according to claim 1, further

comprising:

a current detector detecting a current value of a current
flowing through the plurality of first electric power
transmission members, and

a storage storing a current value detected by the current
detector and a predetermined first temperature thresh-
old value, wherein

when a current value stored in the storage is the same
regardless of the elapse of time, the first controller
determines that at least one of the plurality of first
electric power transmission members has been discon-
nected when a temperature detected by the temperature
sensor has changed by the first temperature threshold
value or more from a temperature detected immediately
before.

3. The vehicle controller according to claim 1, wherein

the temperature sensor is connected to one first electric
power transmission member of the plurality of first
electric power transmission members and is not con-
nected to the other first electric power transmission
members.

4. The vehicle controller according to claim 1, wherein
the temperature sensor is connected to each of the plu-
rality of first electric power transmission members.

5. The vehicle controller according to claim 1, wherein
the first controller stops conversion of the electric power
by the electric power converter when it is determined
that at least one of the plurality of first electric power

transmission members has been disconnected.

6. The vehicle controller according to claim 1, wherein

the first controller lowers an upper limit value of the
electric power converted per unit time by the electric
power converter when it is determined that at least one
of the plurality of first electric power transmission
members has been disconnected.

7. The vehicle controller according to claim 1, further

comprising:

a warning unit capable of warning an operator, wherein

the first controller warns the operator using the warning
unit when it is determined that at least one of the
plurality of first electric power transmission members
has been disconnected.

8. The vehicle controller according to claim 1, further

comprising:

a storage storing a predetermined second temperature
threshold value, wherein

the first controller determines that at least one of the
plurality of first electric power transmission members
has been disconnected when a temperature detected by
the temperature sensor exceeds the second temperature
threshold value.
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9. An electric vehicle, comprising:

the vehicle controller according to claim 1.

10. A vehicle controller, comprising:

an electric power converter converting input electric
power and outputting the converted electric power;

a plurality of first electric power transmission members
transmitting the converted electric power and con-
nected in parallel to the electric power converter;

a temperature sensor connected to at least one of the
plurality of first electric power transmission members;
and

a first controller determining that at least one of the
plurality of first electric power transmission members
has been disconnected when a temperature detected by
the temperature sensor changes.

11. The vehicle controller according to claim 10, further

comprising:

a current detector detecting a current value of a current
flowing through the plurality of first electric power
transmission members, and

a storage storing a current value detected by the current
detector and a predetermined first temperature thresh-
old value, wherein

when a current value stored in the storage is the same
regardless of the elapse of time, the first controller
determines that at least one of the plurality of first
electric power transmission members has been discon-
nected when a temperature detected by the temperature
sensor has changed by the first temperature threshold
value or more from a temperature detected immediately
before.

12. The vehicle controller according to claim 10, wherein

the temperature sensor is connected to one first electric
power transmission member of the plurality of first
electric power transmission members and is not con-
nected to the other first electric power transmission
members.

13. The vehicle controller according to claim 10, wherein
the temperature sensor is connected to each of the plu-
rality of first electric power transmission members.
14. The vehicle controller according to claim 10, wherein
the first controller stops conversion of the electric power
by the electric power converter when it is determined
that at least one of the plurality of first electric power

transmission members has been disconnected.

15. The vehicle controller according to claim 10, wherein

the first controller lowers an upper limit value of the
electric power converted per unit time by the electric
power converter when it is determined that at least one
of the plurality of first electric power transmission
members has been disconnected.

16. The vehicle controller according to claim 10, further

comprising:

a warning unit capable of warning an operator, wherein

the first controller warns the operator using the warning
unit when it is determined that at least one of the
plurality of first electric power transmission members
has been disconnected.

17. The vehicle controller according to claim 10, further

comprising:

a storage storing a predetermined second temperature
threshold value, wherein

the first controller determines that at least one of the
plurality of first electric power transmission members
has been disconnected when a temperature detected by
the temperature sensor exceeds the second temperature
threshold value.
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18. An electric vehicle, comprising:

the vehicle controller according to claim 10.

19. An electric vehicle, comprising:

an electric power converter converting input electric
power and outputting the converted electric power;

a plurality of first electric power transmission members
transmitting the input electric power and connected in
parallel to the electric power converter;

aplurality of second electric power transmission members

respectively connected to portions of the plurality of 10

first electric power transmission members different
from portions thereof connected to the electric power
converter;

a temperature sensor connected to at least one of the
plurality of second electric power transmission mem-
bers; and

a vehicle controller which determines whether or not at
least one of the plurality of second electric power
transmission members has been disconnected when a
temperature detected by the temperature sensor
changes.
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20. An electric vehicle, comprising:

an electric power converter converting input electric
power and outputting the converted electric power;

a plurality of first electric power transmission members
transmitting the converted electric power and con-
nected in parallel to the electric power converter;

aplurality of second electric power transmission members
respectively connected to portions of the plurality of
first electric power transmission members different
from portions thereof connected to the electric power
converter;

a temperature sensor connected to at least one of the
plurality of second electric power transmission mem-
bers; and

a vehicle controller which determines whether or not at
least one of the plurality of second electric power
transmission members has been disconnected when a
temperature detected by the temperature sensor
changes.



